We established a new cell line (ACCNS) from human adenoid cystic carcinoma (AdCC) of the maxilla, using tissue culture techniques and it has been successfully subcultured for more than 100 passages during 2 years. The population doubling time was approximately 39.2 h on a plastic dish. In type I collagen gel culture, the cells formed spherical colonies by day 7 after seeding. The colonies showed tubular and solid structures, and eosinophilic material stained with mucicarmine was revealed in the inner space. Immunohistochemically, ACCNS cells demonstrated expressions of keratin, ·-smooth muscle actin, vimentin and S-100 protein, similar to those of original AdCC. These findings indicate that ACCNS cells possess the characteristics of AdCC. In addition, inoculation of 4.0x10 6 cells into nude mice developed tumors that were histologically confirmed as undifferentiated carcinoma. Therefore, ACCNS is the first AdCC cell line with tumorigenicity in nude mice. Based on these results, ACCNS provides a useful culture model of AdCC to analyze the biological characteristics and behavior of this tumor.
Introduction
AdCC is a common malignant tumor of the salivary gland (1) and characterized by slow-growing, diffuse invasion into adjacent tissues and high incidence of distant metastasis (2) . It is difficult to cure patients with this tumor because of its characteristics. Therefore, it is essential to establish AdCC cell line to analyze its biologic behavior. Two AdCC tumor lines have been established transplantable in nude mice (3, 4) , and only one study has reported an AdCC cell line cultured in three-dimensional condition (5) . However, there is no available literature concerning establishment of AdCC cell line with tumorigenicity in nude mice. We have successfully established a human AdCC cell line capable of being cultured in three-dimensional condition of type I collagen gels. This cell line showed a monolayer culture on plastic dishes, and formed spherical colonies in type I collagen gel culture. Furthermore, inoculation of cells into nude mice produced tumors showing undifferentiated carcinoma histologically. In this study, we report establishment and characterization of a new AdCC cell line.
Materials and methods

Establishment of a cell line.
Tumor tissue was obtained from the surgical material of a 59-year-old male patient with tubular and cribriform patterns of AdCC of the maxilla (Fig. 1A) . The tissue was rinsed twice with sterile Ca 2+ and Mg 2+ -free phosphate-buffered saline (PBS) containing 1000 units/ml of penicillin and cut with scissors into pieces of 1-2 mm, then placed into a 100-mm plastic culture dish and cultured in Dulbecco's modified Eagle's medium (DMEM, Nissui Pharmaceutical Co., Ltd., Tokyo, Japan) supplemented with 10% fetal bovine serum (FBS, HyClone Laboratories, UT, USA) and 2 mM L-glutamine (Wako Pure Chemical Industries Ltd., Osaka, Japan) as growth medium at 37˚C in a 5% CO 2 incubator. Approximately, 10 days later, outgrowth of cells from the explant was observed and most of them consisted of a mixture of epithelioid cells, myoepithelioid cells and fibroblasts. The cell mixture was cultured on feeder layer of fibroblasts to remove fibroblasts from cell mixture. By culturing on feeder layer twice, fibroblasts were completely removed. When the epithelioid and myoepithelioid cells reached subconfluency, they were subcultured after dissociation with 0.25% trypsin and 1 mM EDTA mixture and grown on 100-mm plastic culture dishes for the following studies.
Cell growth assay. The cells were plated at the density of 5.0x10
3 cells/well onto 96-well tissue culture plates (Iwaki Glass Co., Ltd., Funabashi, Japan) and incubated at 37˚C in ONCOLOGY REPORTS 17: 335-340, 2007 335 Establishment and characterization of a human adenoid cystic carcinoma cell line forming colonies cultured in collagen gel and transplantable in nude mice a 5% CO 2 incubator. The viable cells were counted at 24 h intervals by using a dye exclusion test with nigrosin in triplicate wells. The population doubling time was calculated from the resulting growth curve.
Two dimensional/three dimensional collagen gel cultures.
Two dimensional (2D) or three dimensional (3D) culture was performed by using the modified procedure by Yang et al (6) . Briefly, type I collagen extracted from the porcine achilles tendon (Cellmatrix type I-A, Nitta Gelatin Inc., Osaka, Japan) was used as matrix. The collagen gel culture with physiological ionic strength, pH 7.4, was made by mixing seven volume of 0.3% iced-cold type I collagen in 0.001 N HCl, two volume of 5-fold strength DMEM solution and one volume of reconstruction buffer (2.2 g of NaHCO 3 and 200 mM of HEPES in 100 ml of 0.05 N NaOH). A volume of 100 μl for 2D cultures or 50 μl for 3D cultures diluted collagen gel (type I collagen gel and culture medium were mixed at equal volume) was added to 96-well tissue culture plates and incubated at 37˚C for 30 min to form gel as basal layer. For 2D cultures, 2.5x10 3 ACCNS cells were added onto basal layer in 100 μl of culture medium. For 3D cultures, 2.5x10 3 ACCNS cells were added into 50 μl collagen gel, which was kept on ice to prevent gelling, and overlaid on a basal layer in 96-well plastic dishes and incubated at 37˚C for 30 min to form a gel embedded with ACCNS cells. Then, the gel was overlaid with 100 μl of culture medium. The medium was changed every day. The cells on or in the gel were cultured for 3 weeks. The growth and shape of ACCNS cells were observed and photographed with a phase-contrast microscope (Leica, Wetzlar, Germany).
Inoculation of cultured cells into nude mice. The cultured cells were trypsinized, washed twice and suspended in PBS. Then 4.0x10 6 cells in 0.2 ml PBS were inoculated subcutaneously into the flanks of 5-week-old female nude mice (BALB/c nu/nu, Charles River Japan, Yokohama, Japan). The animals were fed ad libitum under sterile conditions during the experimental period. When tumors developed at the inoculated sites, mice were sacrificed and tumors were removed for histological and immunohistochemical examinations. All animal experiments were performed in compliance with the Guidelines for Animal Experiments of Hyogo College of Medicine.
Histological examination. ACCNS cell colonies in collagen gels and nude mouse tumors were fixed with Carnoy's fluid (MeOH:AcOH=3:1) for 3 h at room temperature. They were dehydrated and embedded in paraffin. Serial 4 μm sections were cut and mounted on glass slide. Deparaffinized sections were stained with hematoxylin and eosin (H&E) and mucicarmine (mucicarmine stain: Mayer's mucicarmine solution, Sigma). These sections were observed and photographed with light microscope (Olympus, Tokyo, Japan).
Immunohistochemical examination. For immunohistochemical examination, a modified streptavidin-biotin-peroxidase complex (SABC) method was employed (7) . The thin sections of ACCNS cell colonies in collagen gels and original tumor of the patient were deparaffinized and rehydrated in a graded series of alcohols. The samples were incubated at 95˚C for 60 min in citrate buffer (pH 6.0) for antigen retrieval. Endogenous peroxidase activity was blocked with 3% H 2 O 2 in methanol for 15 min. After washing with PBS, the samples were treated with 10% normal goat serum in PBS for 30 min to block non-specific background staining. Monoclonal antibodies against ·-smooth muscle actin (·-SMA, Sigma, MO, USA, 1:1000), epithelial membrane antigen (EMA, YLEM, Rome, Italy, 1:300) and vimentin (Sigma, 1:300) and rabbit polyclonal antibody against human keratin (A575: Dako, Glostrup, Demark, 1:1000) and human S-100 protein (Dako, 1:1000) were applied as primary antibodies at 4˚C for 18 h. After washing with PBS, biotinylated goat anti-mouse IgG and anti-rabbit IgG mixture (Histofine SAB-PO kit, Nichirei Co., Ltd., Tokyo, Japan) was applied to the sections, and incubated for 10 min at room temperature. After further washing with PBS, the sections were incubated with the peroxidase labeled streptavidin solution at room temperature for 5 min. Peroxidase reactivity was visualized with Histofine DAB substrate kit (Nichirei). Finally, the sections were slightly counterstained with hematoxylin. These immunohistochemical sections were observed and photographed with light microscope (Olympus).
Immunofluorescence examination. The 2D or 3D cultured ACCNS cells were examined by immunofluorescence staining. These samples were prepared on chamber slide II (Iwaki Glass Co.). For 2D cultures, 1.0x10 4 ACCNS cells were added to each chamber in 200 μl of culture medium. For 3D cultures, 100 μl of diluted collagen gel including 2.5x10 3 ACCNS cells was added to each chamber and incubated at 37˚C for 30 min. Then, the gel was overlaid with 100 μl of culture medium. The medium of both samples was changed every day. After one week in 2D cultures or 2 weeks in 3D cultures, these samples were washed with PBS twice, and fixed with 3.7% formaldehyde solution in PBS for 10 min at room temperature. After washing with PBS, the samples were treated with 0.1% Triton-X 100 (Wako) in PBS for 5 min. After washing with PBS, the samples were treated with 1% bovine serum albumin (BSA: Wako Pure Chemical Industries, Ltd.), 0.03% Tween-20 (Wako Pure Chemical Industries, Ltd.) in PBS for 30 min to block non-specific background staining. Monoclonal antibodies against human ·-SMA, EMA and vimentin and rabbit polyclonal antibody against human keratin and S-100 protein were applied as primary antibodies at 4˚C for 18 h. After further washing with PBS, FITC-labeled goat anti-mouse IgG or anti-rabbit IgG antibody (Molecular Probes Inc., OR, USA, 1:500) was applied to the samples, and incubated for 60 min at room temperature. After washing with PBS, Rhodaminered-labeled phallotoxin (Molecular Probes, 1:400) was applied to the samples, and incubated for 20 min at room temperature. After further washing with PBS, the samples were treated with 10 nM DAPI (Molecular Probes) for 5 min at room temperature. Finally, the samples were mounted with Prolong Antifade Kit (Molecular Probes). The 3D samples were treated with 3.7% formaldehyde in PBS, 0.1% Triton-X 100 in PBS, Rhodamin-red-labeled phallotoxin and 10 nM DAPI in the same manner. These immunofluorescence samples were observed and photographed by LSM510 of laser scanning microscope (Carl Zeiss Co., Ltd., Oberkochen, Germany), and analyzed with Image Browser (Carl Zeiss).
RT-PCR analysis. Total-RNAs from ACCNS, HSG (human adenocarcinoma cell line) (8), SCC25 (human tongue carcinoma cell line) (9) and nude mouse tumor were extracted using RNeasy MinElute Cleanup Kit (Qiagen, Hilden, Germany) and reverse transcribed by First-Strand cDNA Synthesis Kit (Amersham Biosciences, Buckinghamshire, UK). The resultant cDNAs were used as the template for PCR using primer specific to human ß-actin as follow: sense, 5'-TGACGGGGTCACCCACACTGTGCCCATCTA-3' and antisense, 5'-CTAGAAGCATTTGCGGTGGACGATGGA GGG-3'. PCR was done with denaturation at 94˚C for 5 min, then 35 cycles at 94˚C for 30 sec, at 66˚C for 30 sec, and at 72˚C for 1 min, and then at 72˚C for 7 min. PCR products were electrophoresed in 1.5% agarose gels, stained with ethidium bromide and visualized under UV illumination.
Results
Establishment of a new AdCC cell line.
The newly established cell line designated as ACCNS has been subcultured more than 100 passages during 2 years. ACCNS cells showed a monolayer culture on a plastic dish, consisting of small cuboidal cells and large spherical cells. Small cuboidal cells showed flattened epithelioid shape with occasional slender processes ( Fig. 2A) , and large spherical cells contained many vacuoles in the cytoplasm and large nuclei. As shown in the cell growth curve, the population doubling time was approximately 39.2 h (Fig. 3) .
2D culture on a plastic dish and collagen gels. ACCNS cells grew in a monolayer on the surface of both the plastic dish and collagen gels. When they were cultured on a plastic dish, they showed cuboidal and spherical cell shapes. On the other hand, when they were cultured on collagen gels, they showed cuboidal shape with slender cytoplasmic processes (Fig. 2B) . However, the cells did not form any organoid structures in either culture condition.
3D culture in collagen gels. When cultured in collagen gels, ACCNS cells formed spherical colonies. All cells began to elongate slender processes into gel matrix 24 h after medium overlay. Within 7 days, these cells formed small colonies. By day 14, some of the colonies grew to cystic, solid and tubular colonies ( Fig. 4A and C) . The edges of colonies were irregular and formed processes to contact with the peripheral cells. Histologically, the cells produced some colonies showing solid and tubular structures (Fig. 4B, D and E) . Tubular colonies contained eosinophilic material in the inner space and it was positive with mucicarmine stain (Fig. 4F) . (Fig. 5) . The tumor was encapsulated with fibrous connective tissues and the cut surface was pale-grayish in color. Histologically, the tumor was diffuse and showed non-cohesive proliferation of polyhedral epithelial cells with oval or round vesicular nuclei, prominent eosinophilic nucleoli and scant cytoplasm. These cells had indistinct cell margins and increased mitoses, corresponding to the characteristics of undifferentiated carcinoma (Fig. 1B) . Adenoid structures were not observed in the tumors.
Immunohistochemical and immunofluorescence analysis. The immunohistochemical and immunofluorescence examinations revealed the similarity of cytoskeletal protein expressions between original tumor and ACCNS in 2D or 3D culture. Immunoreactivities of keratin, ·-SMA, vimentin and S-100 protein were detected in all three samples (Fig. 6A-L) . EMA was positive in the original tumor but negative in ACCNS in 2D and 3D culture (Fig. 6M-O) . Moreover, the inner space was observed in colonies of 3D culture (Fig. 4E) .
Gene expression of human ß-actin. RT-PCR analysis showed positive reaction with human ß-actin and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) in ACCNS, HSG, SCC25 cells and nude mouse tumor produced by ACCNS, indicating that ACCNS is of human origin (Fig. 7) .
Discussion
Establishment of AdCC cell lines has been reported (10-12), and two of these cell lines were cultured in 3D condition organized with solid agar (12) . A recent study has described that epithelial tumor cells in 2D condition were different from 3D condition that is rich in type I collagen (biological condition) in cell shapes and cytoskeltal protein expression (13) . Thus it is thought that since 3D condition in solid agar did not reflect the biological condition of AdCC, 3D culture condition in type I collagen gel is necessary to analyze biological behavior of AdCC. Only one previous study on culture in biological condition of AdCC cell line has been reported (5) . In the present study, we established and characterized a new AdCC cell line (ACCNS) capable of being cultured in biological condition.
ACCNS was established from AdCC of the maxilla and possess high ability to grow in 2D condition. In 2D condition on a plastic dish, ACCNS cells showed monolayers and consisted of small cuboidal and large spherical cells. Histologically, AdCC is considered to arise from the terminal duct system (14) ; consisting of myoepithelial and intercalated duct cells (15) . From the shape of ACCNS, it is speculated that small cuboidal cells arose from intercalated duct cells and large spherical cells arose from myoepithelial cells but the difference between cuboidal cells and spherical cells was not observed in expressions of cytoskeletal protein. In 2D condition on collagen gel culture, cells also showed monolayers and exhibited homogeneous cuboidal shape with slender processes. In biological condition of 3D collagen gels, cells formed spherical colonies with elongated cytoplasmic processes. Histologically, these colonies demonstrated tubular and solid patterns. In tubular pattern, eosinophilic material was found in the inner space and was positive with mucicarmine. However, cellular arrangement of cuboidal and spherical cells was not defined. These results suggested that it is important for colony formation of ACCNS to culture in 3D condition with type I collagen.
By immnohistochemistry, AdCC showned positive reaction with keratin and vimentin (16) . In our study, original AdCC showed positive reaction with EMA, ·-SMA and S-100 protein as well as keratin and vimentin. Expression of keratin, vimentin, ·-SMA and S-100 protein was also demonstrated in 2D condition, but EMA was demonstrated in the original tumor but not in 2D and 3D culture conditions of ACCNS. Observation of these colonies in 3D culture condition with laser scanning microscope revealed the presence of inner space surrounding cuboidal cells with elongated slender processes in the center of the colonies. These inner spaces in colonies were considered as those compatible to cystic or tubular space of AdCC. These histological and immunohistochemical findings indicated that ACCNS was derived from AdCC and reflected the peculiarity of AdCC. Particularly, ACCNS cultured in 3D type I collagen gel expressed the representative behavior of AdCC.
ACCNS possessing the characteristics of AdCC maintained tumorigenicity in nude mice. ACCNS formed subcutaneous tumors in two of 12 nude mice inoculated with 4.0x10 6 cells. Previously, one cell line has been reported to produce tumors by subcutaneous inoculation into SCID mice (5), but there is no report of establishing a cell line having tumor forming ability in nude mice. Histologically, these tumors were diagnosed as undifferentiated carcinoma. From the result of RT-PCR, our nude mouse tumor expressed mRNA of human ß-actin, indicating that this tumor was of human origin. The reason why AdCC changed into undifferentiated carcinoma is unclear and now under investigation.
In conclusion, ACCNS cell line is the first established cell line derived from AdCC being capable of formation of a cyst-like structure in 3D type I collagen gel culture and having tumorigenicity in nude mice. This cell line provides a useful model for investigating the biological behavior of AdCC.
